The presence in the thymus of hemopoietic cells other than thymocytes has been known for many years, but the extent of the hemopoietic activity of the thymus and the possible functional implications have only recently begun to receive much attention. This review summarizes the literature in this field, especially in the light of current cytokine and thymic-factor knowledge, and includes clinical relevance where possible.
INTRODUCTION
The thymus is the major site for T-cell development, but that it may act as a site for other forms of hemopoiesis in all vertebrates, although regularly documented over the years, has been largely ignored. With (Kelemen et al., 1979) . Full bone marrow development in the long bones occurs much later, and in the adult mouse, 1 in 10,000 bone marrow cells have been described as thymic colony forming units (Spangrude and Scollay, 1990 (Huang et al., 1990) . This is a glycoprotein that was previously called the mast-cell growth factor (MGF), the stem-cell factor (Zsebo et al., 1990) , and the steel factor (Matsui et al., 1991) . Stem-cell factor (SCF, a form of the c-kit ligand) alone or in combination with various factors (the interleukins IL-3, IL-6, IL-11, erythropoietin, and granulocyte colony-stimulating factor, or G-CSF) stimulates myelopoiesis, including erythropoiesis, as well as T-and B-cell development. It appears to be produced by a variety of cells, and one form (KL-1) is especially associated with fibroblasts, brain, and thymus (Huang et al., 1992) .
Another facet of the thymus is that there may be major microenvironment differences between major lobes (left and right thymuses), as seen in repopulation studies (Ezine et al., 1984) (Ginsburg and Sachs, 1963; Ishizaka et al., 1976) , and the presence of immature cells within the gland is indicative of intrathymic development (Kendall and Warley, 1986) . Both B-and plasma cells occur in the normal and diseased thymus. B-cells have a high rate of proliferation there (Pabst et al., 1989) , and are generally concentrated in the medulla (Isaacson et al., 1987) , and at the cortico-medullary junction, whereas plasma cells are found predominantly in the cortex (Clarke and Kendall, 1989; Abou-Rabia and Kendall, 1994 (Middleton, 1967; Hofmann et al., 1988; Wirt et al., 1988; Kupper et al., 1989) as well as in disease (Vetters and Barclay,1973; Rosai and Levine, 1976; Vincent et al., 1978; Fujii et al., 1983; Williams and Lennon, 1986 (Zoller, 1990) .
A further complication in evaluating B-cell function is that in humans and mice, more than one type of B-cell exists. Human thymic medullary B-cells are heterogenous and may bear the CD76 antigen that appears late in maturation. They also differ phenotypically from follicle mantle and germinal center cells (Fend et al., 1991) . In the mouse, thymic B-cells (CD5/) differ from peritoneal cavity B-cells in several respects, especially in their inability to spontaneously produce autoantibodies (Than et al., 1992 (Adkins et al., 1988 ). This antigen is also found in kidney and intestine, but in the lymphoid system, only in thymus and bone marrow, where it supports pre-B-cell proliferation and differentiation in vitro (Whitlock et al., 1987) .
The capacity of the thymic stroma to allow B-cell development (as seen morphologically) is supported by the findings that neonatal thymectomy causes a sudden disappearance of circulating B-cells (Sprent, 1973) , and reconstitution with mature T-cells partially rectifies the B-cell deficiency in X-linked immune deficient (xid) mice (Sprent and Bruce, 1984) . Further work with xid mice (Karagogeos and Wortis, 1987) showed that maturation of xid B-cells past the pro-B or early pre-B cell is T-cell-dependent, so the necessary factors could be within the thymus. by Albert et al. (1965a Albert et al. ( , 1965b Albert et al. ( , 1966 in mice and man. Generally, fetal, pediatric (Taylor and Skinner, 1976) , and lower vertebrate (Kendall, 1980a) thymus glands exhibit most erythropoiesis, and the levels in adult man may be low (Kendall and Singh, 1980 Borgeois et al., 1981; Kendall et al., 1985) .
In several wild bird species, thymic erythropoiesis is a regular occurrence, especially during breeding and moult (Kendall and Ward, 1974; Bacchus and Kendall, 1975; Kendall, 1975a Kendall, , 1975b Kendall, , 1979 Ward and Kendall 1975;  Kendall and Frazier, 1979; Fronfria et al., 1985) . It has been most extensively studied in the red-billed quelea, Quelea quelea (Fig.  1) . The young after hatching (Fig. la) Krantz, 1990) . The relationship, if any, between removal of the thymus and the restoration of normal erythroid levels in these rare diseases is unclear, but the recognition that thymocytes can enhance or suppress erythroid colony growth may be relevant (Sharkis et al., 1986) .
MAST CELLS
Mast cells in most species display marked functional and morphological heterogeneity. The characteristics of different mast cell types has been mainly explored in rodent models and mast cell cultures.
This has led to a recognition of bone marrow derived cultured mast cells (BMCMCs) from rat hemopoietic tissues (including the thymus), connective-tissue mast cells (CTMCs), and mucosal mast cells (MMCs). All of these are considered to be the progeny of multipotential stem cells (Kitamura et al., 1981 Kendall, 1979 .) x 8100.
Mast cells are commonly found in the capsule around the thymus and along the connective tissue septa within the gland (Frazier, 1973; Kendall and Warley, 1986; Wight, 1970) . Mast cells actually within the stromal compartment (Figs. 4a and 4b ) are less common except in some unusual cases, e.g., NZB mice where enormous n.umbers of mast cells proliferate in the cortex (Burnet, 1965) , in the medulla in dystrophic chicken (Befus et al., 1981) , and in induced anemia (Kendall and Blackett, 1983) . Further evidence for the presence of mast cell precursors in the thymus comes from several studies where thymic tissues have been used as a source for the in vitro development of mast cells (Ginsburg and Sachs, 1963; Ishizaka et al., 1976) , and an estimate of 17 mast cell precursors/106 thymic cells has been suggested (Kawashini et al., 1986) . In other studies, X-ray microanalysis has been used to study thymic mast cell granules and the variation in potassium and sulfur content suggests the presence of immature cells in rat thymus (Kendall and Warley, 1986) .
Birds with the hereditary condition of muscular Studies with athymic and thymic rats suggest that the thymus may regulate mast cells by an inhibitory factor acting on the bone-marrow stem cell or recirculating precursor pool (Aldenborg and Enerback, 1985) .
Because parasite infestations often cause massive mast cell development, the factors involved in mast cell differentiation have been widely studied.
Of particular importance is that there is no MMC proliferation in T-depleted mice and rats (Ruitenberg and Elgesma, 1976; Mayrhofer and Fisher, 1979) , indicating T-cell dependence. The T-cell cytokines, have 
OTHER GRANULOCYTES
Granulopoiesis is the thymus has been extensively documented since the late 1800s (see Bhatal and Campbell, 1965) . More recently, granulocyte development has been shown in rodents (Sin and SainteMarie 1965; von Haelst, 1967; Kendall and Blackett, 1983; Kendall et al., 1985; Boshnakova, 1990) humans (Downey, 1948; Bhatal and Campbell, 1965) , cats (Pack and Chapman, 1980) , and rabbits (Downey, 1948; Westermann and Engelbert, 1969a , 1969b , 1969c (Basten and Beeson, 1970) showed that the eosinophilia induced by Nippostrongylus brasiliensis was under T-lymphocyte control and this was confirmed in athymic rats (Ogilvie et al., 1980; Letonja et al., 1988) . However, eosinophilia in the rat in response to Fasciota hepatica is not thymus-dependent (Doy and Hughes, 1982 (Fig. 4a) , development occurs in nests of eosinophils throughout the cortex (Kendall, 1978; Kendall and Blackett, 1983; Kendall et al., 1985) . Granulocytes in the connective tissues of the septa and capsule are generally recorded as more mature, and may be cells entering or exiting the thymus. In many avian thymuses, mature eosinophils were found within vacuoles in or close to the necrotic center of Hassall's corpuscles (Kendall and Frazier, 1979) . Associations of this nature were also observed in children (Bhatal and Campbell, 1965; Muller, 1977) and in rabbits (Westermann and Engelbert, 1969b) . It has been suggested that they may be phagocytosing antigen-antibody complexes at this site because both antigen (Marshall and White, 1961) and immunoglobulins (Henry and Anderson, 1990) 
